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ABSTRACT 



We consider the production of the hghtest pseudo-Goldstone bosons at fu- 
ture coUiders through the vector resonances predicted by the extended BESS 
model, which consists of an effective lagrangian parametrization with dynami- 
cal symmetry breaking, describing scalar, vector and axial-vector bound states 
in a rather general framework. We find that the detection of pseudo-Goldstone 
pairs at LHC requires a careful evaluation of backgrounds. For e+e^ collisions 
in the TeV range the backgrounds can be easily reduced and the detection of 
pseudo-Goldstone pairs is generally easier. 



1 Introduction 



The possibility of a new strong-interaction sector as responsible for electroweak symmetry 
breaking, although difficult to formulate in a quantitatively comprehensive scheme, is still 
considered as a possible alternative to the theoretically unsatisfactory present formulation 
in terms of elementary scalars. The earliest suggestion in this sense was technicolor 
The one-family technicolor model [Q] is based on four techniquark doublets, 3 with colours 
plus one leptonic, and has thus a flavour symmetry SU{8) SU{S) ® U{1). Anomaly 
cancellation occurs similarly as for the ordinary quark-lepton families. Condensation of 
technifermions brings down to the diagonal flavour SU{8) ® U{1) group, giving a total of 
63 Goldstone bosons. Three of them provide for the longitudinal degrees of freedom of W 
and Z. While ordinary fermions remain massless at this stage, an extension of the theory, 
called extended technicolor, generates fermion masses. At the same time however it leads 
to difficulties related to the experimental limits on flavour-changing neutral currents. 
Recently, thoughts have been devoted to this difficult problem, with proposals referred to 
as walking technicolor 0. 

Theories of dynamical symmetry breaking, avoiding the introduction of fundamental 
scalar fields, generally lead to the prediction of pseudo- Goldstone bosons, due to the 
breaking of a large initial global symmetry group G. We have considered the production 
of the lightest pseudo-Goldstone bosons (PGB's) at future colliders through the vector 
resonances predicted by the extended BESS model with SU{8) ® SU{8) symmetry. This 
model m consists of an effective lagrangian parametrization which describes scalar, vector 
and axial-vector bound states in quite a general framework. For example, the effective 
low energy phenomenology of ordinary technicolor would correspond to a specialization 
of the extended BESS picture. 

In the absence of a specific definite theory of the strong electroweak sector, one would 
like to remain as general as possible, avoiding specific dynamical assumptions. The BESS 
model (BESS = breaking electroweak symmetry strongly) was essentially developed to 
provide for such a general frame 0. The basic ingredients for the construction were 
custodial symmetry and gauge invariance. 

The original BESS was based on a minimal chiral structure G = SU(2)l ® SU{2)ji. 
To discuss physics related to possible pseudo- Goldstones one has to use an extension 
of the model to a larger SU{N)l ® SU{N)ji chiral structure. The extended BESS will 
contain explicit vector and axial vector resonances and a number of pseudo-Goldstones. 
Through their mixing with W, Z and gluons, some of the spin-one resonances will couple 
to quarks and leptons, and thus they will be produced at proton-proton and electron- 
positron colliders at high energy. 

Extended BESS can be taken for N = 8, and, more particularly, specialized to repro- 
duce the low energy phenomenology of the "historical" N = 8 technicolor. The main new 
features brought by extended BESS into lower energy phenomenology are a number of low 
mass pseudo-Goldstones and the appearance of an additional singlet vector resonance, in 
addition to the vector triplet of vector resonances typical of the original BESS model. 

We recall that, in dynamical schemes for electroweak symmetry breaking, an initial 
global invariance group G is subsequently spontaneously broken into a subgroup H by 
the symmetry breaking dynamical mechanism. As long as additional interactions (such as 
gauge interactions and others), which break G, are neglected, the Goldstone bosons, which 



1 



correspond to the generators belonging to the quotient G/H, remain exactly massless. 
Among those interactions are the standard model gauge interactions of the local group 
SU (3) ® SU (2)i which in general break the symmetry G. The resulting effective 

interactions will break the degeneracy among the initial vacua, or, saying it differently, 
induce an orientation within such vacua. 

The initially massless Goldstone bosons, which correspond to oscillations along the 
directions connecting different vacua, will not remain all massless, due to the induced 
vacuum orientation. Such massive scalars are the pseudo- Goldstone bosons (PGB) (see 
Weinberg in Among the interactions responsible for the induction of the vacuum 
orientation are the local gauge interaction of the color electroweak group. They contribute 
to the pseudo-Goldstone masses, and studies of their properties, within a class of models, 
have been carried out [0]. 

However, in any dynamical symmetry scheme, this will not be the only source of 
pseudo-Goldstone masses. In fact suitable terms must be present, responsible for the 
masses of quarks and leptons themselves. For instance, in extended technicolor, one 
introduces gauge interactions which connect ordinary fermions to technifermions. The 
chiral symmetry G, which is only related to the technifermion sector, is broken, and one 
expects this to be a source of pseudo-Goldstone masses. 

The fact that these interactions are essentially the source of the fermion masses leads 
one to expect that the induced pseudo-Goldstone masses from those interactions could in 
some way be related to the fermion masses. This point was quantitatively examined |^ 
and we shall refer to such a study for a choice of the pseudo-Goldstone mass spectrum 
adopted in the present work. 

2 PGB's at future colliders 

As we have mentioned in the introduction, for quantitative estimates of the pseudo- 
Goldstone production cross-sections, we shall employ the SU{8) ® SU{8) extended BESS 
model. For earlier studies on PGB phenomenology in technicolor theories we refer the 
reader to p and and references therein. We will denote the SU{8) gauge fields as 
= VD,V^'',Vs^",Vt,Vf), where /i = (0, a) (a being an SU{2) index), and 

i = 1, 2, 3 is a color index. An analogous notation will be used for the axial particles 
and the Goldstone bosons tt^. The SU{8) generators can be found in Appendix A of 
We shall use through out this work the notations of ref. ^ and 0. 

The production is induced by the processes 

/+ + /- ^7,Z,1^3^P+P- (2.1) 

and 

/i + /2-^W^^,^^-^P^P° (2.2) 

where P^{P^) denote the lightest charged (neutral) PGB's and / denotes a light fermion. 
The gauge bosons V appearing in (2.1) (2.2) are the V^. 

The main point of the calculations performed in ref. was to work within the 
low energy effective theory, as characterized by the initial chiral group G, its unbroken 
subgroup H, and the color electroweak group, assuming that the information for the 
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fermion mass mechanism can be embodied, from the viewpoint of the low energy theory, 
into effective Yukawa couphngs between ordinary fermions and pseudo-Goldstones. 

Most of the allowed Yukawa coupling constants, for those couplings which are invariant 
under the color-electroweak group, are then related, within the low energy expansion, to 
the fermion masses. The pseudo-Goldstone mass spectrum can then be derived from the 
one-loop effective potential, which includes, besides the ordinary gauge interactions, also 
the Yukawa couplings. The resulting masses are expected in general to lie in a natural 
range depending on the masses of the heaviest fermions, that is the top and bottom 
quarks. In particular, those states, which would remain massless in absence of the Yukawa 
couplings, are expected to lie in a range situated around such heaviest fermions. 

For the calculations performed in this work we shall adopt a possible PGB spectrum 
obtained in ref.[^. The PGB's have the following masses, for the choice of parameters: 
A = 2 TeV, as = 0.12 and rut = 150 GeV: 
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where gs, g, g' are the SU{3) ® SU{2)l ® U{1)y gauge couplings, and v ~ 246GeV^. 
For the calculation we need the trilinear coupling of the V to the PGB's as derived in 



ref. 

£(3) 



+^VD^{Ptd''Pt + Pl'd'^P-f + P^'d^'P^' + P^d^Pz 
v3 



+v~{d^'^'^r 
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where 

-.11 ^2 



gv.. = [l - z^) (2.5) 



rv = ^^ = ^, (2.6) 



4 ry 

with 

The couphng constant g" is the gauge couphng of the V resonance and 2; is a combination 
of free parameters appearing in front of the BESS lagrangian (see eq.(2.33) of ref.0]). 
The case 2; = corresponds to decouphng of the axial-vector resonances. 

The mixing of the new vector bosons V"" can be directly read in eq.(2.27) of ref. 0]. 
The elementary cross section is given by 

da 1 |Mp 



dt 12 167rs2 

For the process (2.1) we have 
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Tvz = -gg" w Tv^ = ^gg"— sine (2.9) 

4 ry cost^ 2 ry 



and Mp = Mp±. 

The couplings of the gauge bosons Z and 7 to the fermions are given by 

with T3 = ±1. 

For the process (2.2) we have 

|M|2 = 8{ut-Mp±^Mpo^)g^y^^{v'w + alr) 



(2.11) 



n,2 ™2 

Tyiy = -gg"- (2.12) 

4 ry 

e 

vw = aw= ^ /T, . n (2.13) 
2v2 smfc* 

The resonant process is dominant, as it results for instance by comparing the non resonant 
cross section 

cr(e+e- ^ P+F") = ^(1 - ^f/^a{e+e- ^ /xV) (2.14) 

with the results of our calculations (remember that, at 1 TeV, a{e~^e~ /^^A^~) = 87 fb). 



3 PGB's at future linear e^e colliders 



Projects of e^e~ linear colliders are being studied at present at different laboratories 
(among them SLAG, KEK, Novosibirsk and Serpukhov, DESY, Darmstadt, CERN, with 
several other groups working in various universities). For general reviews of such studies 
and of the physics potentialities we refer to and [^. 

We have already discussed the usefulness of very energetic e^e~ colliders in exploring 
an alternative scheme of electroweak symmetry breaking based on a strong interacting 



sector with new vector resonances [|T2|. The sensitivity of e'^e~ linear colliders, for different 
proposed options of energies and luminosities, to the BESS model parameters, was there 
quantitatively examined, particularly in connection to the vector bosons V that appear 
in the model. 

The V^s can be produced as real resonances if their mass is below the collider energy. In 
a high energy collider one expects to see dominant peaks below the maximum cm. energy 
corresponding to such resonances. Due to beamstrahlung and synchrotron radiation it 
may not become necessary to tune the beam energies in order to see such peaks. 

In ref. we were essentially interested in the neutral vector resonances of the strongly 
interacting sector as described by BESS. The description of such resonances in BESS is 
rather general, and, after convenient choice of parameters may also apply to a phenomeno- 
logical description of the standard techni-p. Studies of the techni-p production in e^e~ 
colliders have been carried out by Peskin [|1^], Iddir et al. [0], through study of strong 
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final state interaction, and have also been discussed by Barklow and Hikasa |16 
various methods. 

A prediction of such models for the electroweak breaking, in the general case of a 
large initial global symmetry group, is the existence of pseudo-Goldstone bosons. Our 
calculations here are within extended BESS. Future e^e~ colliders are one of the best 
opportunities to study the production of pairs of charged pseudo-Goldstone bosons. The 
methods used for their detection turn out to be very similar to those used in the case 
of charged Higgs searches |T^, but with the advantage that PGB can here be resonantly 



produced: e^e — > V — P^P . From now on we shall use the following notations: 
P± = and P° = ^ ~J^^ for the lightest neutral PGB's. 



The peak cross section is 



with 



^(^v) = ^^^J^^^ry (3-1) 



ry = ^a,mMv{vl + al) (3.2) 



where we have used the couplings of the V to the fermions 
with 

C = -^A D = -'^^ (3.4) 
cose g" cose g" ^ ' 
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The decay width of in P^P is given by 

1 



V 



487r 



(3.5) 



In computing F™^ we have neglected the fermion contribution. 



We present in the following table the results for the total cross section for My = 1 TeV 
and g/g" = 0.05 (this value is compatible with the present limitations coming from LEPl 
|T8|). The assumed spectrum for the PGB's is that of eq.(2.4). 



z 


a{pb) 


^ V 









1.6 


10.3 


2.7 


13 


0.5 


2.8 


5.8 


1.5 


7.3 


0.7 


6.1 


2.7 


0.7 


3.4 



Notice that the peak cross sections do not depend on g/g", and they increase with z as 



1/(1 



The large cross sections that we have found are due to the relatively small V 



mass assumed, and to the large branching ratio of — P^P~ . In the following table we 
exhibit the sensitivity to the V mass (assuming the worst case, z = Q). The cross section 
decreases very rapidly when V becomes heavier. 
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1.4+0.2 


0.12 
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106.8 
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1.2+0.04 
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The background processes in the above table are e^e" ti, e^e^ —>■ W^W~ , e'^e^ 
ZZ. With respect to the standard model we have for aww an enhancement (given in the 
sixth column of the table as the second number) due to the production of a couple of W's 
from the V resonance, while for azz the numerical value is that of the standard model as 
the coupling V^ZZ is zero. For au the numerical value is again very close to that of the 
standard model, as, excluding a direct coupling of V to fermions, the extra contributions 
with respect to the standard model are suppressed by the small mixing factor g/g". 



Concerning the decay of the PGB's we have 



T{P^^tb) = ^^Mp 



\ 



Ml 



(3.6) 



Therefore we have to consider the following final state 

P+P- tbtb WbbWbb jjbblvbb 



(3.7) 



These backgrounds have already been considered for the charged Higgs boson produc- 
tion at future e^e~ colliders |jl9|. We are a priori in a more favorable situation since the 
FOB we have studied are resonantly produced. A detailed analysis of these processes 
requires full knowledge of the experimental set-up and is beyond the scope of this work. 
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Nevertheless in our case the signal cross-section is, even in the case z=0, of the same 
order of magnitude and in some cases even larger than the background, thus favoring in 
principle signal detection. 

The background process e"^e~ — > W~^W~ can be easily reduced below 1% of its initial 
value by requiring the tagging of one b in the final state. This can be easily understood, 
since the branching ratio of W b + w-type quark is very low due to either a small 
Kobayashi-Maskawa matrix element or phase-space suppression. 

In principle also invariant mass and pt cuts may be useful, but in order to reconstruct 
a PGB mass or px it is necessary to face a many-jet problem, i.e. jet-combinatorics and 
isolation. Moreover not only the signal, but also WW production, is a high pt process, 
thus reducing considerably the efficiency of a pr cut. 

Similar considerations apply to the e+e~ — > ZZ background. In this case the tagging 
of one b is less efficient in reducing the background, but the cross-section is already more 
than one order of magnitude smaller than the preceeding one. 

The background e~^e~ — >• ti is more difficult to weed out. The study of charged Higgs 
boson discovery potential has shown that a microvertex detector is crucial for establishing 
the signal over the e+e^ ti background . 



We will assume B = 0.20 for the product of the branching ratios W — hadrons and 
W leptons, and a 6-tagging efficiency e^, = 0.5. Assuming an integrated luminosity of 
80 fb^^, after multiplication of the number of events of the Table by the branching ratios 
and 6-tagging efficiencies, a still large number of events is left when My = 1 TeV. When 
My is higher than 1.2 TeV and z = 0, the signal becomes smaller than background and 
deserves careful study of background rejection. 

To conclude this section we mention the suggestion, originally due to Ginzburg et 
al. [^, of the possibility of obtaining an energetic photon beam by colliding electron 
bunches with a laser beam in the visible spectrum. This technique should allow keeping 
a high luminosity for the photon beam from the back scattered laser, and it should 
allow for a photonic spectrum mostly concentrated at the highest energies, not much 
lower than the electron energy. Such a behaviour is quite different from that of the 
expected beamstrahlung photons concentrated at the lower energies, and from that of the 
bremstrahlung photons. This technical possibility would thus allow for energetic photon- 
photon and electron-photon collisions. For the purpose of the present paper, where we are 
interested in a possible strong electroweak sector, 77 collisions would appear of interest 
if resonant behaviours are present in states of zero angular momentum which can couple 
to two real photons. These states may be pseudo-Goldstone states, when one considers 
the effective interaction due to the Adler-Bell-Jackiw anomaly. Also interesting will be 
the production of pairs of such pseudos from 77 (both real or virtual). If energetically 
reachable, however, the resonant behaviours we have discussed will be more prominent 
signals. 



4 PGB's at LHC 

Much work has been devoted in recent years to study of physical implications of a possible 
strong electroweak sector in view of future hadronic colliders p2[ . 
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We have considered the PGB production at LHC via the charged V resonance. Also 
in this case the methods used for PGB detection are similar to those used in the case of 
charged Higgs [|l^, but with the advantage that the PGB are produced from a charged 
V resonance. We have evaluated the quark-antiquark annihilation (Drell-Yan type) con- 
tribution to the differential cross section both in terms of the invariant mass of the pair 
of PGB's and in terms of the transverse momentum pt of the PGB for the process 



(4.1) 



Its expression follows directly from the partonic cross section given in eq.(2.2). The partial 
width of the decay P^P^ is 
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We have then added the fusion contribution coming from the process 

pp W^Z ^ P^P^ 



(4.2) 
(4.3) 



The fusion amplitudes have been computed using the equivalence theorem 

P+P° we need C^^^^ il: 



To compute W^Z 
C = - 



-4(1 - -a)\-d.n+df'n+(n-Y + d.^^d^n-n+n- 

Qy^ 4 



-Adf^TT^n-d'^n+TT- 



4(9,, TT Ti d- 



3\2 



2d^n^n-d''TT+TT^ + h.c] 
P^P^ is given by 



-2d^^+n^d^'7c^'K- 
-2df,7r^n-d''TT\^ 



The fusion amplitude for the process W~^Z 

1 



'l--a] 
4 



t a Ml 



4 



u — t 



u 



Ml' 



(4.4) 



(4.5) 



We have also evaluated the amplitude W'^Z W^Z through the equivalence theo- 
rem, using the trilinear coupling, given in eq.(2.5), the quadrilinear coupling being given 

by i 

= -]:\{l-^a)[-d,n+d^^n+{n-y 
bv^ 4 

-2a^7r^a^7r+7r\- + d^ir+d^'n^ {tt^ + h-c] (4.6) 

where 

a = —{l-z'y (4.7) 
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The result, to be compared with our previous work based on SU{2) ® SU{2), is 

u — t s — t 



3 , t a Ml 
'l--a)—+ ^ 



4 



4 



(4. 



In Fig. 1 (Fig. 2) we plot the invariant mass (pt) distribution for the set of parameters 
My = 1000 GeV, g" = 13 and 2; = 0; we have added the events of the P^P^ channel with 
the events of the P^ P^ one. We have plotted in Fig. 3 and 4 the same distributions with 
Mv = 1200 GeV, g" = 6.9 and z = 0.5. 

The invariant mass distributions show a peak around the mass of the V, and the px 
distribution is characterized by a jacobian peak, the broadness being directly related to 
the V width. The fusion subprocess gives a small contribution (less than roughly 10%). 



We can perform the same analysis also for the neutral channel: 



pp 



p+p- 



X 



(4.9) 



In this case, the fusion amplitudes are given by 



A{W+W- P+P-) 



3 u 
(1 - 7")79 
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u 



(4.10) 



and 



A{ZZ P+P- 



-a 



+ 



u 



-t 



+ 



u 



Ml 



(4.11) 



Notice that in the t channel of the amplitude (4.10) and in the t and u channels of 
(4.11) we have to consider the exchange of the triplet V, which however in BESS is 
practically degenerate in mass with the triplet of the V. As shown in Fig. 5 and 6 
for My = 1000 GeV, g" = 13 and z = 0, the total number of events is depressed by 
roughly one order of magnitude compared to the other case, since the Drell-Yan type 
subprocess is very small. Therefore the fusion subprocess becomes important (roughly 
30%). Concerning the final state, the decay widths P~^ are given in eq.(3.6), while the 
partial decay width of P° in bb is given by 



r(P° ^ bb) 



Svr 



\ 



4 ml 
~Ml 



(4.12) 



to be compared with the P° decay to two gluons [0 

r(pO-^^^) = ^%M|, 



(4.13) 



where Ntc is the number of technicolor. For masses of P° in the considered range this 
decay is less important. The P° decay in two photons is depressed by a factor (^)^. 

Therefore the expected signals for P^P*^ are tbbb or tbgg, and tibb for P^P^ . These 
final states have to be studied and compared with the background. 
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For instance, the ttbb background comes from the following processes 

gg tihh 

gg tiZ tibb 

gg^ti + jets (4.14) 

where the last jets are misidentified as b jets. These background have been studied 
for charged Higgs boson discovery from tb decays at LHC using SDC detector. In order to 
disentangle signal from background, reasonably efficient and pure b tagging is mandatory. 
We recall that the energy of LHC is now taken to be at 14 TeV. The following procedures 
have been applied in ref. fl^. A lepton with high momentum [px > 20 GeV), coming 
from the t decays (via W) is used as trigger and the missing momentum pt > 50 GeV 
required. The second W coming from the second t is assumed to decay hadronically. The 
invariant mass of each pair of jets (not containing tagged b quarks) is required to satisfy 

M^-^< M,, < + ^ (4.15) 

Then for each pair satisfying the previous criterion one computes a three jet invariant 
mass Mhjj, by combining Mjj with a tagged b jet, and requires that 

Arrit Arrit 
nit - < Mbn <^t + (4.16) 

Using this cuts one can reduce the background. Finally one can compute Mbbjj and make 
a plot of the Mf,f,jj invariant mass distribution. Clear signal peaks appear except when 

Our case deserves careful study along the previous procedure, since the expected 
number of signal events is not large. A similar analysis has also to be performed for 
the tbbb and tbgg final states. We plan to do this in the next future in collaboration with 
experimentalists involved in LHC. Notice that it will be crucial to know if b tagging can 
be performed with the planned huge luminosity of 10^^cm~^s~^. 

Finally we have computed also the WZ production which has been shown to allow 
for identification of a charged V at LHC up to 2 TeV masses within the SU (2) (g) SU (2) 
model. Since new channels for V^ decays are open, the signal will be reduced. Three 
contributions coming from Drell-Yan type, fusion, and SM background are summed up. 



In order to allow for a direct comparison with previous minimal BESS |23] we have taken 
an LHC energy of 16 TeV. The rate of events decreases by roughly 20% if we consider 
the presently planned energy of 14 TeV. 

Fig. 7 and Fig. 8 (resp. Fig. 9 and Fig. 10) give the prediction for invariant WZ mass 
and Pt of the Z for My = 1000 GeV, g" = 13 and z = for BESS SU{2) (respectively 
for BESS SU{8)). Although the signal is reduced by 20% the identification will be very 
easy. For higher masses, since the width increases and the cross section for the production 
of PGB decreases, the discovery potential is reduced down to 1.5 TeV, as shown in Fig. 
11 and Fig. 12. In particular the shape of the jacobian peak does not differ from the 
background, the signal leading only to an excess of events. 

Since only leptonic decays of electroweak gauge bosons have been taken into account, 
the situation may be less pessimistic, if identification through hadronic W decay and lep- 
tonic Z decay, which has been previously shown to be crucial for removing top background, 
is possible. Within the ability to perform b tagging with good efficiency and purity, one 
may hope to disentangle tt background from W pair production which is enhanced by V 
resonance in our case. 
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5 Conclusion 



We have investigated the production of the hghtest pseudo-Goldstone bosons at future 
coUiders through the resonances of the extended BESS model, which is an effective la- 
grangian parametrization to describe the low energy phenomenology of a general class of 
theories with dynamical symmetry breaking. The existence of pseudo-Goldstone bosons 
is in fact a quite common and interesting prediction of such theories. 

Detection at LHC of a charged vector resonance through its decay into WZ pairs 
is possible in the framework of the extended BESS model for a significant domain of its 
parameter space. Production of pairs of pseudo-Goldstone bosons P^P^ is also important, 
but discovery via thhh or ttgg decays needs a careful evaluation of backgrounds in the LHC 
environment. 

A more promising preview is instead obtained for production of charged pseudo- 
Goldstones at the V resonance in e+e~ coUisions in the TeV range. In fact the largest 
background, namely WW production, can be easily reduced to a very low level by re- 
quiring the tagging of one h in the final state. Other backgrounds, such as ZZ and tt 
production, have smaller cross-sections as compared with signal cross-section, at least in 
a range of the parameter space of the model. For increasing values of the My mass and 
decreasing values of the z parameter (we have examined in detail the worst case 2; = 0) 
the signal cross-section becomes smaller than background and deserves a detailed study 
of background rejection. 



11 



References 



S.Weinberg, Phys. Rev. D13 (1976) 974; D19 (1979) 1277; L.Susskind, Phys. Rev. 
D20 (1979) 2619; E.Fahri and L.Susskind, Phys. Rep. 74 (1981) 277. 

E.Fahri and L.Susskind, Phys. Rev. D20 (1979) 3404; S.Dimopoulos, NucL Phys. 
B168 (1980) 69; B.Holdom, Phys. Lett. B105 (1981) 301. 

T.Appelquist, T.Takeuchi, M.Einhorn, L.C.Wijewardhana, Phys. Lett. B220 (1989) 
223; T.Takeuchi, Phys. Rev. D40 (1989) 2697; V.A.Miransky and K.Yamawaki, 
Mod. Phys. Lett. A4 (1989) 129; R.S.Chivukula, A.G.Cohen and K.Lane, NucL 
Phys. B343 (1990) 554; for a review see K.Lane, BUHEP-94-2, June 1993, Lectures 
given at TASI 93, Boulder, CO, 6 June - 2 July 1993. 

R.Casalbuoni, S.De Curtis, A. Deandrea, N.Di Bartolomeo, D.Dominici, F.Feruglio 
and R.Gatto, Nucl. Phys. B409 (1993) 257. 

R.Casalbuoni, S.De Curtis, D.Dominici and R.Gatto, Phys. Lett. B155 (1985) 95; 
Nucl. Phys. B282 (1987) 235. 

M.E.Peskin, Nucl. Phys. B175 (1980) 197; J.P.Preskill, Nucl. Phys. B177 (1981) 21. 

R.Casalbuoni, S.De Curtis, N.Di Bartolomeo, D.Dominici, F.Feruglio and R.Gatto, 
Phys. Lett. B285 (1992) 103. 

R.Chivukula, M.Golden, M.V.Ramana, Phys. Rev. Lett. 68 (1992) 2883 and Erratum 
ibid. 69 (1992) 1291; L.Randall, E.H.Simmons, Nucl. Phys. B380 (1992) 3. 

V.Lubicz, Nucl. Phys. B404 (1993) 559. 

See: e^e~ collisions at 500 GeV: the physics potential. Proceedings of the Workshop, 
P.M.Zerwas ed., DESY 92-123A-B, August 1992. 

See: Physics and experiment with linear colliders, Saariselka, Finland, 1991, R.Orava, 
P.Eerola, M.Nordberd eds.. World Scientific 1992, Singapore. 

R.Casalbuoni, P.Chiappetta, A. Deandrea, S.De Curtis, D.Dominici and R.Gatto, 



Z.Phys. C60 (1993) 315; G.Cvetic, C.Grosse-Knetter, R.Kogerler in |T0 
R.Casalbuoni, P.Chiappetta, S.De Curtis, D.Dominici, F.Feruglio and R.Gatto, ibi- 
dem. 



M.E.Peskin, in [0 . 

F.Iddir et al, Phys. Rev. D41 (1990) 22. 
J.L.Barklow, in |ni. 



K.Hikasa, in 11 



J.F Gunion and S.Geer, UCD-93-32, September 1993, to be published in the Pro- 
ceedings of the Workshop on Physics at Current Accelerators and the Supercollider, 
Argonne, IL, 2-5 June 1993; J.F Gunion, UCD-93-40, December 1993. 

[18] R.Casalbuoni, S.De Curtis and M.Grazzini, Phys. Lett. B317 (1993) 151. 



12 



[19] 



A.Sopczak, CERN-PPE/93-197, November 1993, to be published in the Proceedings 
of the Workshop on Physics and Experiments with Linear e'^e" CoUiders, Waikoloa, 
Hawaii. 



[20] M.Veltman, Acta Phys. Pol. B8 (1977) 475; B.W.Lee, C.Quigg and H.Thacker, Phys. 
Rev. Lett. 38 (1977) 883; Phys. Rev. D16 (1977) 1519; J.M.Cornwall, D.N.Levin 
and G.Tiktopoulos, Phys. Rev. DIO (1974) 1145; M.S.Chanowitz and M.K.Gaillard, 
Nucl. Phys. B261 (1985) 379; J.Bagger and C.R.Schmidt, Phys. Rev. D41 (1990) 
264. 

[21] I.F.Ginzburg, G.L.Kotkin, V.G.Serbo, S.L.Panfil and V.I.Telnov, N.I.M. 205 (1983) 
47. 

[22] for a review see M.S. Chanowitz, Ann. Rev. Nucl. Part. Sci. 38 (1988) 323; 

[23] R.Casalbuoni, P.Chiappetta, S.De Curtis, F.Feruglio, R.Gatto, B.Mele and J.Terron, 
Phys. Lett. B249 (1991) 130. 



13 



Figure Captions 



Fig. 1 Invariant mass distribution of the P^P^ + P P^ produced per year at LHC for 
Mv = 1000 GeV, g" = 13 and z ^ 0, with a luminosity of 100 fb'^. The apphed 
cuts are: \yp\ < 2.5, {pt)po > 300 GeV. The lower (higher) histogram refers to the 
fusion signal (fusion signal plus qq annihilation signal). 

Fig. 2 {pt)po distribution of the P^P^ + P~P^ produced per year at LHC for My — 
1000 GeV , g" = 13 and z = 0, with a luminosity of 100 fb^^. The applied cuts 
are: \yp\ < 2.5, Mpp > 500 GeV. The lower (higher) histogram refers to the fusion 
signal (fusion signal plus qq annihilation signal). 

Fig. 3 Invariant mass distribution of the P^P^ + P~P^ produced per year at LHC for 
My = 1200 GeV, g" = 6.9 and z = 0.5, with a luminosity of 100 fb~\ The apphed 
cuts are: \yp\ < 2.5, (pr)po > 300 GeV. The lower (higher) histogram refers to the 
fusion signal (fusion signal plus qq annihilation signal). 

Fig. 4 (pt)po distribution of the P^P^ + P~P^ produced per year at LHC for My — 
1200 GeV, g" = 6.9 and z = 0.5, with a luminosity of 100 fb'^. The applied cuts 
are: \yp\ < 2.5, Mpp > 500 GeV. The lower (higher) histogram refers to the fusion 
signal (fusion signal plus qq annihilation signal). 

Fig. 5 Invariant mass distribution of the P^P~ produced per year at LHC for My — 
1000 GeV, g" — 13 and z — Q, with a luminosity of 100 fb~^. The apphed cuts are: 
\yp\ < 2.5, {pt)po > 300 GeV. The lower (higher) histogram refers to the fusion 
signal (fusion signal plus qq annihilation signal). 

Fig. 6 (pt) po distribution of the P^P~ produced per year at LHC for My = 1000 GeV, 
g" = 13 and z = 0, with a luminosity of 100 fb~^. The applied cuts are: \yp\ < 2.5, 
Mpp > 500 GeV. The lower (higher) histogram refers to the fusion signal (fusion 
signal plus qq annihilation signal). 

Fig. 7 Invariant mass distribution of the W^Z + W^Z pairs produced per year at LHC 
{y/s = 16 TeV) for My = 1000 GeV, g" = 13 and ^ = within BESS SU{2) ® 
SU{2), with a luminosity of 100 fb~^. The applied cuts are: \yw,z\ < 2.5, {pt)z > 
360 GeV and M^z > 850 GeV. The lower, intermediate and higher histograms 
refer to the background, background plus fusion signal and background plus fusion 
signal plus qq annihilation signal, respectively. 

Fig. 8 (pt)z distribution of the VF+Z + VF^Z pairs produced per year at LHC (y^ = 16 

TeV) for My = 1000 GeV, g" = 13 and ^ = within BESS SU{2) ® SU{2), with 
a luminosity of 100 fb^^. The applied cuts are: \yw,z\ < 2.5, {pt)z > 360 GeV 
and Mwz > 850 GeV. The lower, intermediate and higher histograms refer to the 
background, background plus fusion signal and background plus fusion signal plus 
qq annihilation signal, respectively. 

Fig. 9 Invariant mass distribution of the W~^Z + W~Z pairs produced per year at LHC 
(V^ - 16 TeV) for My = 1000 GeV, g" = 13 and z = within BESS SU{%) ® 
SU{S), with a luminosity of 100 fb~^. The applied cuts are: \yw,z\ < 2.5, {pt)z > 
360 GeV and M^z > 850 GeV. The lower, intermediate and higher histograms 
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refer to the background, background plus fusion signal and background plus fusion 
signal plus qq annihilation signal, respectively. 

Fig. 10 {pt)z distribution of the Z+W~ Z pairs produced per year at LHC (y^ = 16 
TeV) for My = 1000 GeV, g" = 13 and z = 0, within BESS SU{8) ® SU{8), with 
a luminosity of 100 fb~^. The applied cuts are: \yw,z\ < 2.5, {pt)z > 360 GeV 
and Mwz > 850 GeV. The lower, intermediate and higher histograms refer to the 
background, background plus fusion signal and background plus fusion signal plus 
qq annihilation signal, respectively. 

Fig. 11 Invariant mass distribution of the W^Z + W~Z pairs produced per year at 
LHC (v/s = 16 TeV) for My = 1500 GeV, g" = 13 and ^ = within BESS 
SU{8) SU{8), with a luminosity of 100 fb^^. The applied cuts arc: \yw.z\ < 2.5, 
{Pt)z > 480 GeV and Mwz > HOO GeV. The lower, intermediate and higher 
histograms refer to the background, background plus fusion signal and background 
plus fusion signal plus qq annihilation signal, respectively. 

Fig. 12 {pt)z distribution of the W~^Z+W~Z pairs produced per year at LHC {^/s = 16 
TeV) for My = 1500 GeV, g" = 13 and z ^ 0, within BESS SU{8) ® SU{8), with 
a luminosity of 100 fb~^. The applied cuts are: \yw,z\ < 2.5, {pt)z > 450 GeV 
and Mwz > HOO GeV. The lower, intermediate and higher histograms refer to the 
background, background plus fusion signal and background plus fusion signal plus 
qq annihilation signal, respectively. 
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